OBJECTIVE -To estimate the prevalence of physical limitations associated with diabetes among U.S. adults Ն18 years of age.
D
iabetes is a costly chronic condition associated with a wide range of complications and comorbidities, including cardiovascular disease, peripheral vascular disease, vision loss, and per i p h e r a l n e u r o p a t h y ( 1 -3 ) . T h e association between diabetes and disability has not been well studied, but some researchers have found that disability is two to three times higher among people with diabetes than among those without diabetes (3) (4) (5) (6) . Disability is a key indicator of the degree of morbidity associated with a chronic disease such as diabetes and a core component of the impact of chronic disease on quality of life. Previous studies of diabetes and disability have focused on disability in very general terms and have not examined the types and prevalence of limitations in those physical tasks that often lead to disability. In 1997, nine questions measuring physical limitations based on Nagi and Marsh and Rosow and Breslau (7) (8) (9) were added to the National Health Interview Survey (NHIS). In this study, we use these questions to estimate the prevalence of physical limitations among U.S. adults Ն18 years of age with diabetes and to compare the prevalence of physical limitations in people with and without diabetes.
RESEARCH DESIGN AND METHODS

Data source
We analyzed data from the 1997-1999 NHIS, an ongoing nationally representative household survey providing self-reported information on the noninstitutionalized U.S. civilian population (10). The survey focuses on demographic information, current health conditions, health status and limitation of activities, and health behavior. Our analysis included data on 99,357 respondents Ն18 years of age who completed the sample adult interview between 1997 and 1999.
Assessment of diabetes and physical limitations
Participants were asked whether they had ever been told by a doctor or other health professional that they had diabetes or "sugar diabetes." Those reporting borderline diabetes and women who had diabetes only during pregnancy were categorized as not having diabetes. The sample included 5,829 people with diabetes and 93,273 without diabetes (and 255 people with a missing response to the diabetes question), representing an annual average of 10.3 million individuals with diabetes and 186.6 million individuals without diabetes.
Respondents were asked questions about their ability to perform nine physical tasks, as follows: "By yourself, and without using any special equipment, how difficult is it for you to. . . . " "walk a quarter mile" (walking); "walk up 10 steps without resting" (climbing); "stand or be on your feet for about 2 h" (standing); "sit for about 2 h" (sitting); "stoop, bend, or kneel" (stooping); "reach over your head" (reaching); "use your fingers to grasp or handle small objects" (grasping); "lift or carry something as heavy as 10 pounds, such as a full bag of groceries" (carrying); and "push or pull large objects like a living room chair" (pushing). Responses were classified as 0 (not difficult at all), 1 (only a little difficult), 2 (somewhat difficult), 3 (very difficult), and 4 (can't do at all).
Covariates
Covariates included self-reported sociodemographic variables, risk factors, and health conditions believed to be associated with physical limitation or diabetes. The variables included sex, race/ethnicity (non-Hispanic black, non-Hispanic white, Hispanic, other), age (18 -44, 45-64, 65-74, 75ϩ years), education (Ͻ12 years, 12 years, Ͼ12 years), marital status (married, single), smoking status (never, former, current), alcohol consumption (never, former, current), physical activity (light or moderate activity at least 10 min a day, none). We classified BMI (selfreported weight in kilograms divided by self-reported height in meters, squared) into underweight (BMI Ͻ18.5), normal weight (BMI between 18.5 and 24), overweight (BMI between 25 and 29), and obese (BMI Ն30 or greater). The following variables were dichotomized: hearing loss (any trouble hearing); vision loss (any trouble seeing even when wearing glasses or contact lenses); depression (feelings that interfered with life or activities in past 30 days); cardiovascular disease (including physician diagnosed coronary heart disease, angina, myocardial infarction, stroke, other heart disease, and hypertension); headache or migraines (in past 3 months); pain (any neck or back pain in past 3 months or joint pain in past 12 months); weak or failing kidneys (physician diagnosed in past 12 months).
Statistical analyses
Because of the complex sample design, we used SUDAAN (11) to test for significant differences, calculate confidence intervals, and perform bivariate and multivariate analyses. We examined associations between the covariates and diabetes status and between the covariates and physical limitation status. We also examined each of the nine tasks by diabetes status and sex, focusing on the prevalence of these tasks among people with diabetes. For each of the nine measures, "any limitation" was defined as a response Ͼ0 (no difficulty), inability to perform the activity (a response of 4 -can't do at all), and some difficulty (a response of 1, 2, or 3-a little difficult, somewhat difficult, or very difficult). In overall comparisons between populations with and without diabetes, we defined "any limitation" as a response Ͼ0 for any of the nine measures.
We used proportional odds regression to estimate the association between diabetes and five ordinal levels of a physical limitation summary score (sum of the responses to the nine questions), while controlling for the covariates. People with no limitation on any measure had a summary score of 0, and higher scores reflected worse functioning. Among respondents with any limitation (i.e., those with a summary score Ͼ0), we evenly distributed summary scores into four groups (i.e., quartiles): group 1 (score of 1-2), group 2 (score of 3-6), group 3 (score of 7-15), and group 4 (score of 16 -36) . The standardized Cronbach's alpha in this study was 0.927 for the nine physical limitation questions.
The proportional odds regression model assumes that the association between the exposure (diabetes status) and the outcome (physical limitation) is constant at all levels of the outcome variables. We assessed this assumption by calculating an adjusted odds ratio for each of four separate cut-points in the five ordinal levels of the summary score and found no difference in odds ratios. Overall, the proportion of people reporting a physical limitation for any of the nine tasks was greater among women than men (36 vs. 26%, P Ͻ 0.001) and greater among people with diabetes than those without diabetes (66 vs. 29%, P Ͻ 0.001). The proportion with any limitation on any of the nine tasks was higher for people with diabetes than for those without diabetes for all demographic, risk factors, and comorbidity characteristics. Both men (59 vs. 24%, P Ͻ 0.001) and women (72 vs. 34%, P Ͻ 0.001) with diabetes had higher levels of any limitation compared to those without diabetes. People with diabetes reported higher levels (all P Ͻ 0.001) of any limitation compared to those without diabetes in each age group (46 vs. 18% for those 18 -44 years, 63 vs. 35% for those 45-64 years, 74 vs. 53% for those 65-74 years, and 85 vs. 70% for those 75 years and older), and differences narrowed with increasing age.
RESULTS
For each of the nine tasks, the percentage of people with any limitation was greater among women than men (P Ͻ 0.0.001) and among people with diabetes than those without diabetes (P Ͻ 0.001). In general, the percentage of people without diabetes who had any limitation was about one-third of that of people with diabetes.
Among women with diabetes, between 51 and 57% experienced some degree of difficulty (e.g., response Ͼ0) in stooping, standing, and walking; between 40 and 49% experienced some degree of difficulty in pushing, climbing, and carrying; and between 23 and 27% experienced some difficulty in sitting, reaching, and grasping (Fig. 1) . These percentages were somewhat lower for men with diabetes but still high: between 40 and 44% experienced some difficulty in stooping and standing; between 29 and 38% experienced some difficulty in walking, climbing, and pushing; and between16 and 21% experienced difficulty in carrying, sitting, reaching, and grasping.
For each of the nine physical activities, the prevalence of not being able to perform it was greater among women than among men with diabetes (Fig. 1) . Among women with diabetes, between 21 and 23% reported not being able to walk, stand, and push; between 13 and 17% were unable to stoop, climb, and carry; and between 2 and 4% were unable to reach, sit, and grasp. Among men with diabetes, between 12 and 15% reported not being able to stand, walk, and push; between 6 and 9% were unable to stoop, climb, and carry; and between 1 and 2% were unable to sit, reach, and grasp.
The distribution of the physical limitation summary score by diabetes status is displayed in Fig. 2 . The proportion of people with nonzero summary scores was greater among people with diabetes than among people without diabetes, and differences by diabetes status increased as scores increased, indicating a greater severity of limitation among people with diabetes. Among people with diabetes, 11.6% had a score of 1-2, with the percentage increasing to 24.7% for a score of 16 -36. Among people without diabetes, the percentages decreased from 10.2% with a score of 1-2 to 5.3% for a score of 16 -36.
The results of the ordinal regression models are shown in Fig. 3 . The unadjusted odds for the association between physical limitation and diabetes status was 5.18 (95% CI: 4.87, 5.50) (model 1). Controlling for age reduced the odds to 3.2 (95% CI: 3.0, 3.41) (model 2). Adding the other demographic variables (i.e., education, race, sex) had little further impact (3.12; 95% CI: 2.93, 3.32) (model 3). Controlling for all previously mentioned demographic variables and for the risk factor variables (i.e., BMI, smoking) reduced the odds to 2.6 (95% C.I: 2.5, 2.8) (model 4). After adjusting for all the variables of interest, including comorbidities (i.e., hearing loss, depression, cardiovascular disease, neck/back/joint pain, vision loss), the odds ratio was 1.94 (95% CI: 1.81, 2.08) (model 5) for the association between physical limitation and diabetes status.
CONCLUSIONS -In this nationally representative sample of U.S. adults, 66% of adults with diabetes (6.9 million people) had difficulty doing at least one of the physical tasks that we assessed. Those tasks involving mobility or lower extremity function, such as stooping, standing, walking, pushing, and climbing, tended to be the most problematic for people with diabetes and had the highest prevalence of any limitation. The prevalence of any limitation in activities likely to involve both lower and upper extremity function, such as pushing and carrying, was also high. Pushing, walking, and standing were the three activities for which individuals with diabetes had the highest prevalence of being unable to perform. Physical activities with the lowest prevalence of any limitation and of being unable to perform were sitting and two activities involving the upper extremity functions, grasping and reaching. Although the prevalence of any limitation in these activities was not inconsequential (ranging from 16 to 27%), the prevalence of being unable to perform these activities was low (ranging from 1 to 5%).
The high prevalence of limitations in lower extremity functioning found in this study are of concern because other studies have suggested that impairments in lower extremity physical functioning are key contributors to loss of physical independence and thus to disability (12) (13) . The high prevalence of lower extremity limitations in our nationally representative data highlights the need to preserve lower extremity function among people with diabetes.
The unadjusted odds ratio for the association between diabetes status and physical limitation was reduced by controlling for age (a decrease from 5.18 to 3.2), demonstrating that the older age of the diabetes population accounts for a large proportion of their increased risk of physical limitation. Because the U.S. population is aging, because the risk of diabetes increases with age, and because diabetes is becoming more prevalent, it is likely that the number of people with diabetes who are at risk for developing physical limitations and disability will increase dramatically over the next few decades.
Our data also show that people with diabetes have a higher prevalence of risk factors (e.g., are more obese and less physically active) and have a higher prevalence of health conditions (e.g., are more likely to have vision loss, depression, and cardiovascular disease) that are also associated with physical limitation compared with people without diabetes. After controlling for these risk factors and health conditions, the age-adjusted odds ratio of the association between physical limitation and diabetes status decreased from 3.1 to 1.94. This decrease highlights the multifactorial nature of activity limitation among people with diabetes and the need for risk factor reduction and complication prevention in order to reduce physical limitation among people with diabetes. However, after controlling for wellknown risk factors and comorbidities, our findings indicate that diabetes was associated with about twice the odds of having physical limitations and suggest that other risk factors and health conditions not controlled for in our analysis, such as hyperglycemia, peripheral vascular disease, and peripheral neuropathy, may be involved.
Although a large proportion of both men and women with diabetes experienced some form of physical limitation in our study, women disproportionately reported more limitation in physical function. This is consistent with other studies in both the general and diabetic populations that have found greater prevalence of functional problems and disability among women (3,14 -16) . At least one study suggests that men and women accurately report their disability and that the higher prevalence of physical limitations in women truly reflects higher levels of disability (17) . The reasons for this greater prevalence of disability and functional limitation among women are poorly understood, and more research is needed in this area (18) .
Two strengths of our study are that we analyzed nationally representative data to estimate physical limitations and that we assessed limitations in specific physical activities by level of difficulty and constructed a summary score that reflected this level of difficulty.
Our study has several limitations. First, as with cross-sectional studies generally, it is difficult to ascertain temporality, and disability may have preceded diabetes rather than the reverse. To date, no prospective studies have examined whether physical disability hastens the development of diabetes. However, some studies have associated diabetes with a more rapid onset of disability (12) . Second, our results apply only to the population living in the community. Exclusion of institutionalized individuals may have caused an underestimation of the overall prevalence of physical limitation and may have affected sex differences in physical limitation. Third, while self-reported diabetes has been shown to be a reliable measure of diagnosed diabetes (19, 20) , about one-third of all people with diabetes have not been diagnosed (21) . In this analysis, people with undiagnosed diabetes were classified as not having diabetes and this may have biased the results.
This study of U.S. adults shows that diabetes is associated with increased physical limitation. In general, selfreported physical limitations predict future declines in health status, greater likelihood of institutionalization, increased health service use, and increased risk of mortality, as well as serious reductions in quality of life (22) (23) (24) . Thus, the results of this study may have implications for preventing physical limitation and disability. Potential strategies to limit disability in people with diabetes include specialized lower extremity strength and balance training, walking, and tai chi, which have all been shown effective in maintaining muscle mass, preventing falls, and maintaining physical functioning (3, 25, 26) . In addition, adults with diabetes should exercise; maintain weight; manage blood lipids, blood pressure, and blood glucose; use aspirin; and practice preventive foot and eye care to improve long-term physical functioning (3, (27) (28) (29) (30) (31) . NHIS, 1997 NHIS, -1999 
Public health implications
Diabetes is a common, costly disease in the U.S. that increases the risk of physical limitation. The burden of diabetes is projected to increase from 4% of the U.S. population in 2000 (ϳ11 million people) to 7.2% in 2050 (almost 29 million people) (32) . This growth, combined with the aging of the general population, suggests that the number of people at risk for physical limitations and disability will increase dramatically. The primary prevention of diabetes and the prevention of complications and comorbid conditions among people with diabetes will be necessary to help reduce the burden of physical limitation and disability. Further studies are needed to identify factors and interventions that will help delay or prevent the progression from diabetes to physical limitation and on to disability.
